with both a PH of externalizing disorders and an excess BMI constitute a unique group that is less able to resolve cognitive conflict than others. The excessive delay in P300 evoked by conflicting response demands in these subjects may be a marker of a heritable factor that increases risk for both excess body mass and substance use disorders.
P300, Stroop Effect and Overweight
Neuropsychobiology 2010;61:180-187 181 afflicted with any one of a wide assortment of psychiatric or medical disorders [6] [7] [8] [9] [10] . The group of current interest is adolescents at risk for obesity. The Stroop task is germane to these subjects because impairments in aspects of cognitive control, including the ability to delay rewards [11] , judge portion and meal size [12] , and use satiety signals to inhibit further eating [13] , are viewed [14, 15] as seminal to their disorder. Obese or overweight subjects have repeatedly been shown to differ from normal-weight control groups in other, related aspects. They exhibit more impulsivity [14] [15] [16] [17] [18] [19] , impatience [20] , aggressiveness [21] , affect lability [19] and executive cognitive dysfunction [22] [23] [24] [25] .
Our interest in the cognitive and neural factors that motivate or maintain an elevated body mass index (BMI) during adolescence is timely in the context of the current threat posed by obesity to the health of our youth [26] . It is a special concern for adolescents from racial/ethnic minority groups: for example, the prevalence of an overweight BMI among African-American adolescent girls is twice the rate seen in their Caucasian peers [27] . One goal of the present study was to document an association between BMI percentile (BMIP) and impaired cognitive control in this high-risk, minority population. Indeed, if a simple and inexpensive laboratory measure of control were found to correlate with an elevated BMI, it might later serve, in combination with other variables, as a means for identifying subgroups at the greatest risk for obesity, its serious medical complications and/or a poor treatment response.
The second study goal was to evaluate a related risk factor for poor cognitive control and impulsivity: a family history of substance dependence or antisocial personality disorder, i.e. externalizing disorders. The importance of family history as a factor influencing cognitive control has been demonstrated in adults. For example, Lovallo et al. [28] , as well as Silveri et al. [29] , conducted analyses of Stroop task performance in the biological offspring of substance-dependent parents and in control groups without this family history. In both studies, a positive family history was associated with a performance impairment. Notably, a positive family history also contributes to obesity risk. In a 10-year prospective study of a superset of the adolescents in the present sample, we found that it was a strong positive predictor of an excess BMI in adulthood.
The third major goal was to evaluate neurophysiological differences associated with excess body mass and family history, as well as their independent or interactive associations with cognitive control. Because neurophysiological differences are covert and objective, they may constitute a more sensitive index of disordered control less affected by demand characteristics, observer bias and measurement error. The differences were expected to involve P300 and N450 event-related potentials (ERP), which have been shown to be delayed in latency or altered in amplitude by the introduction of response conflict [9, 10, 30, 31] during the Stroop task. Admittedly, the association between these ERP components and response conflict is not consistent across all studies. The variable findings may be related to the small numbers of subjects evaluated in some of the published works and the accompanying risk of both type I and type II errors.
It was hypothesized that the combination of an elevated BMI with a parental history (PH) of externalizing disorders would be associated with the greatest disruption in cognitive control. In theory, at least three mechanisms could explain this result: (1) an elevated BMI and a PH of externalizing disorders may be expressions of different dispositional factors that independently contribute to impaired cognitive control; (2) an elevated BMI and a PH of externalizing disorders may be expressions of a shared predisposition that also affects cognitive control, and (3) disruptions in cognitive control may result from gene by environment interplay (interaction), wherein, for example, familial/genetic risk for externalizing disorders increases the duration or severity of weight problems, which, in turn, enhances the accumulation of white matter abnormalities [32, 33] in brain regions responsible for cognitive control. To evaluate these alternative conceptual models, alternative path analysis models were tested.
Patients and Methods
Subject Recruitment 338 subjects, aged 14-20 years, were recruited between 1993 and 1997 for a study examining the effects of parental substance dependence and childhood conduct problems on neuropsychological test performance and the development of substance use disorders. Recruitment methods included advertisements and presentations directed at parents or adolescents. A potential recruit or his/her parents were invited to telephone a research assistant for additional information about the study.
Intake Procedures and Group Assignment
If the information obtained during the telephone call suggested eligibility, then the recruit and his/her parent were invited to the laboratory for separate interviews. At the beginning of the interview, a consent agreement form, approved by the University of Connecticut Health Center's Institutional Review Board, was reviewed and signed. The family's psychiatric history was obtained from the parent via the Family History Assessment Module [34] . The parent and the adolescent subject also summarized their personal psychiatric histories, as well as their demographic characteristics and medical histories. This information was obtained with the Semi-Structured Assessment for the Genetics of Alcoholism [35] , which surveyed the major psychiatric disorders defined in the DSM-III-R and DSM-IV.
Recruits were excluded from the study if they reported a history of pregnancy, head injury (e.g. loss of consciousness longer than 5 min), seizures, life-threatening disease, regular psychoactive medication use, alcohol or other drug dependence (except nicotine), schizophrenia or bipolar disorder, neurosurgery, major medical disorders (including diabetes, hypertension, renal disease, lupus and cardiac disorders), or uncorrected visual or auditory deficits. Caucasian subjects were eliminated from the analysis to bring the focus more clearly upon racial/ethnic minorities, who are at greater risk for obesity and its complications. Caucasian subjects were also eliminated because a wealth of data already exists describing the association between their neuropsychological abilities and body mass [22] [23] [24] [25] .
The 109 subjects retained for analysis were assigned to 1 of 4 mutually exclusive groups formed by the factorial combination of BMIP ( ! 85 vs. 6 85) with the absence versus presence of a PH of alcohol or drug dependence or antisocial personality disorder. The number of subjects assigned to each group is listed in table 1 .
ERP Procedures
Electroencephalograms (EEG) were recorded from adolescent subjects with tin electrodes applied to 31 scalp sites (ElectroCap International, Eaton, Ohio, USA). A reference electrode was taped over the bridge of the nose. The ground electrode was applied to the middle of the forehead. For the detection of eyeblink and eye movement artifacts, a pair of electrodes was placed diagonally above and below the left eye. Interelectrode impedances were maintained below 5 k ⍀ .
After the electrodes were applied, the subjects were escorted into a sound-shielded chamber and seated in a comfortable chair. The chair faced a 14-inch computer monitor used for the presentation of visual stimuli. A set of shielded stereo headphones, used for auditory stimulus presentation, and other devices (response keys) were located in the immediate proximity of the chair.
The subjects then performed a discreet trials version [10, 36] of the Stroop test, in which the stimuli, i.e. the words RED, BLUE or TOWN, were presented in a red or blue font on the computer monitor. The 300 word stimuli were presented with equal probability at a rate of 1 stimulus every 2.3 s for 200 ms each. The subjects were asked to indicate the color of the font by pressing 1 of 2 response keys within a response deadline of 1,500 ms. They were instructed to ignore the word.
The EEG was recorded throughout the task. The 31 channels of the EEG and 1 channel of eye movement (electrooculogram, EOG) activity were appropriately amplified (EEG gain: 20 K; EOG gain: 2 K) and filtered (bandpass: 0.01-12 Hz) using an amplification system by Grass Instruments. Along with markers indicating stimulus and response onsets, the EEG and EOG channels were routed to an A/D converter, and sampled at a rate of 500 Hz for 50 ms preceding and 950 ms following the onset of each stimulus.
During off-line computations, single trial data were sorted by trial type: compatible font color-word combinations (e.g. the word BLUE displayed in blue font), incompatible color-word combinations (e.g. the word BLUE displayed in red font, also known as the 'Stroop stimulus') and unrelated combinations (e.g. the word TOWN displayed in blue font). Before averaging, trials containing an eye movement deviation of 1 50 V were deleted. Trials with A/ D converter overflow and incorrect responses were also deleted.
Time-point-averaged waveforms were then created from a minimum of 20 accepted trials of the incompatible and compatible color-word trial types. The operator then searched the waveform for the most positive voltage between 250 and 600 ms at the Pz electrode and labeled it as P300. P300 latency was the time difference between this peak and stimulus onset. P300 amplitude was measured separately at each electrode at the Pz latency and expressed as the microvolt difference from the average voltage during the prestimulus period.
Using the methods described by Liotti et al. [31] , the amplitude of a slow potential, N450, was also scored. It was measured within 3 different poststimulus epochs: 500-600, 600-700 and 700-800 ms. A computer algorithm calculated the average area of the N450 potential at the Fz, Cz and Pz electrode sites.
Task performance indices were recorded during the task and summarized off-line. The average reaction time and the percentage of trials with correct responses were sorted by trial type and preserved for analysis. Values are percentages or means 8 SD.
Data Analysis Procedures
Initially, the 4 subject groups were compared on demographic, psychological and other features to verify that the group comparisons in the primary analysis were not confounded by a background characteristic. Pearson's 2 test with 3 degrees of freedom was used to evaluate group equivalence on categorical variables. A one-way ANOVA with 3 numerator degrees of freedom was used to evaluate equivalence on continuous variables. The threshold for statistical significance was p ! 0.05.
Subsequently, the groups were compared on P300 latency and amplitude, N450 amplitude and task performance. Each 2-factor (BMIP ! PH) ANOVA included trial type as a third factor. The P300 and N450 amplitude analyses also included a fourth factor, anterior-posterior scalp location, with 3 levels, i.e. Fz, Cz and Pz. The N450 analysis specified one additional factor, epoch window, with 3 levels. The degrees of freedom for the P300 and N450 amplitude analyses were adjusted where appropriate, using the Greenhouse-Geisser formula to compensate for violations of the sphericity assumption inherent in repeated measures analyses.
The next analysis was directed toward identifying the neuroanatomical location of the Stroop effect among those subjects (BMIP 6 85 and PH+) who were expected to be most challenged by the task. Using the Curry © software package (version 5.0.8; Compumedics Neuroscan Inc.) and the group-averaged ERP voltage within the P300 search window of 250-600 ms, we searched for the best-fitting, fixed, single dipole source. The search was constrained by a boundary element method model, wherein the volume conduction of the source potential through the liquor, skull and skin compartments was calculated using MRI data from a healthy, 17-year-old subject.
The final set of analyses employed path analytic methods to illuminate and clarify the statistically significant relationships revealed in the ANOVA of BMIP rank, PH and P300 during the incompatible condition. Using Mplus © , we constructed and tested the 3 alternative models described in the Introduction. The first model hypothesized independent associations of BMIP with the number of externalizing disorders (alcohol dependence + drug dependence + antisocial personality disorder) present in the biological parents with P300. The second model viewed BMI and the number of parental externalizing disorders as overlapping expressions of a common mechanism that also affects cognitive control (P300). The final model viewed PH as a factor that alters the course (severity or duration) of an excess BMI and, thereby, alters brain white matter function and cognitive control (P300). Conventional measures of model fit, i.e. discrepancy ( 2 ), root mean square error of approximation (RMSEA) and comparative fit index (CFI), as well as standardized path coefficients, were computed [37] . Table 1 summarizes the background characteristics of the 4 subject groups. These analyses revealed no statistically significant differences between the 4 groups in their age, gender composition, number of alcohol problems reported on the Michigan Alcoholism Screening Test [38] , or the percentage of members who reported daily cigarette use. In addition, they did not differ in relation to the number of DSM-III-R childhood conduct disorder problems or in their PH of depression, bipolar disorder or schizophrenia, i.e. nonexternalizing disorders.
Results

Background Characteristics
Stroop Task
The analyses of ERP component amplitudes revealed significant changes associated with electrode site [P300: F(1.7, 159.6) = 88.2, p ! 0.01; N450: F(1.7, 179.1) = 32.9, p ! 0.01] and trial type [P300: F(1, 210) = 10.1, p ! 0.01]. P300 and N450 amplitudes were more positive at posterior versus anterior electrode sites ( fig. 1 ; bottom versus top panel). P300 was also more positive in amplitude on compatible versus incompatible trials. N450 was likewise more positive in amplitude on compatible versus incompatible trials, but only within the 500-600 ms epoch [trial type ! epoch: F(1.6, 174) = 10.8, p ! 0.01] proximal to the P300 peak. The ANOVAs of P300 and N450 amplitudes revealed no significant effects of the grouping factors. In addition, they revealed no significant interactions.
The analyses of P300 latency revealed several significant and interesting findings. In addition to a significant slowing of P300 on incompatible versus compatible trials [F(1, 210) = 4.3, p ! 0.05], greater slowing, i.e. a larger Stroop effect, was seen in subjects with an elevated BMI reported in table 2 , the pattern of the interaction was the same as was seen in the analysis of P300 latency: the excess BMI PH+ group was more sensitive to the Stroop effect (i.e. showed a greater difference between incompatible and compatible trials) than the other groups. Figure 3 shows the estimated location of the best-fitting dipole source. The localization algorithm yielded a solution with a signal-to-noise ratio of 6.1 and a residual variance of 22.9%. The dipole was located in the anterior cingulate close to the midline. Figure 3 shows the results of 3 path analyses wherein the number of parental externalizing disorders, BMIP and P300 latency in the incompatible condition are entered in different configurations to test the conceptual models described in the Introduction. The analyses of each model revealed that only model 2 provided an adequate fit to the data: its 0.54 2 (d.f. = 1, p = 0.46) and 0.00 (p = 0.52) RMSEA indices were not statistically significant and, therefore, did not justify a rejection of the model. Furthermore, the 1.0 CFI was greater than the 0.95 crite- 
Dipole Localization
Path Analysis
Discussion
The results of the present study confirmed the major hypothesis: the combination of a BMIP 6 85 with a PH of externalizing disorders was associated with a greater disruption of cognitive control (i.e. increased error rate and P300 latency) on incompatible trials than was seen among adolescents with either or neither attribute. The results also confirmed a secondary hypothesis: an elevated body mass, defined as a BMIP 6 85, is not uncommon. Thirtyseven percent (41/109) of our subjects were either overweight ( 1 95th percentile) or at risk for overweight ( 6 85th percentile) by the CDC definition. Although we do not have a nationally representative sample, it is nonetheless remarkable that this rate from 1993 to 1997 is minimally different from the 43-45% prevalence rates reported for racial/ethnic minorities in 2002 [39] .
An elevated BMI is a medical condition of potential significance. It may, in some cases, also be an indicator of a personality type characterized by high levels of impulsivity [14] , affect lability [21] or impatience [20] , and/or an indicator of an externalizing disorder [40] . It is for this reason that the overlap and interaction between BMIP and a PH of externalizing disorders was hypothesized. In other studies, both independent variables have been associated with these personality or psychiatric features in adolescent [41] [42] [43] [44] and adult [20, 45, 46] samples. It is also for this reason that an elevated BMI and a PH of externalizing disorders were hypothesized to impair cognitive control: when confronted with conflicting information (i.e. the Stroop stimulus), subjects with both risk factors for an impulsive personality should experience more difficulty than other subjects. They would, for example, be expected to display an increased number of inaccurate responses ( fig. 2 b; right bar), and disproportionately slow their stimulus evaluation and response selection time to improve performance, resulting in a delay in P300 ( fig. 2 a; right bar) .
It is noteworthy that the present study did not reveal an association between either P300 or N450 amplitude and the grouping factors. The absence of a change in amplitude may suggest that BMIP and PH are less reliably associated with gray matter dysfunction, indexed primarily by ERP amplitude, than with white matter dysfunction, indexed primarily by ERP latency [47] . Indeed, white matter abnormalities do appear to be the predomi- Fig. 3 . Anatomical location of the probable source of ERP activity between 300 and 600 ms after the presentation of the Stroop stimulus among subjects with both an excess body mass and a PH of externalizing disorders. This single dipole is located within the anterior cingulate. nant and earliest sign of the neuropathology of obesity [33] . It is presently unclear whether white or gray matter abnormalities predominate among individuals with a PH of externalizing disorders.
The present study was also unique in testing three conceptual models in an attempt to clarify how parental externalizing disorders, P300 latency and adolescent BMI may relate to one another. The best-fitting path analysis model (model 2 in fig. 4 ) conceptualized the P300 delay during the conflict condition, presumably reflecting dysfunction of P300 generators within the anterior cingulate ( fig. 3 ) or prefrontal cortex [2] [3] [4] [5] , as a step that mediates the relation between family history and BMI. The connection of this family history variable to both the Stroop interference effect and BMI raises the common question whether it measures a genetic or environmental effect. The present study cannot provide a definitive answer to the question. It would be interesting to evaluate whether the candidate genes (e.g. GABRA2 [48] , CHRM2 [49] and MAOA [50] ) that have been implicated in familial risk for externalizing disorders might play a role in affecting both cognitive control and BMI in adolescents. A future study will examine this question.
In conclusion, we believe that the present results add to our current understanding of the correlates and possible predictors of an excess body mass. Whereas much of the attention within psychiatry has focused on the hypothesized role of internalizing disorders in promoting bulimia and binge eating, these disorders do not always predict an excess BMI. Indeed, bulimic patients will, by definition, engage in compensatory behaviors (i.e. purging) that uncouple the connection between their energy intake and BMI. Therefore, the correlates of eating disorders and an excess BMI may be different. The present results suggest that externalizing disorders may be more important than the internalizing disorders in predicting BMI, particularly among adolescents with an early age of onset of weight problems. Future studies should also evaluate externalizing disorders as potential modifiers of weight loss therapy outcome.
Limitations
Although the present results are intriguing, they are not without limitations. For example, the present study was focused on the correlates of the BMI during adolescence. As such, the design precludes one from identifying correlates that may emerge after years of living with an elevated BMI, its stigma or its medical complications.
The recruitment source is another limitation. The present sample of 109 volunteers was not drawn from a clinic population characterized by serious psychological impairment and exposure to psychotropic medications. The sample was instead drawn from a healthier group with the constraint that a large percentage of subjects were the biological offspring of a father with a lifetime diagnosis of alcohol, cocaine or heroin dependence.
A third limitation is the age range. Adolescence is a reasonable starting point for examining the emergence and development of a substance use disorder. However, it is not necessarily optimal for studying the emergence of weight problems and obesity. An optimal study would begin at an earlier age and follow the children over time. In this manner, one could address an obvious limitation of our path analysis, in which the variables were measured simultaneously, and better determine the temporal relationship between P300 impairments and BMI.
